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5 COATING THE FILM 



This application is a divisional of application Serial No. 10/168,253, filed June 
17, 2002, which application(s) are incorporated herein by reference." 

Back£round of the Invention 

10 

Field of the Invention 

When a substrate coated with a photocatalyst film is a glass plate, the glass plate 
is used in a wide range of fields, for example, window glass for architectural windows, 
windows for LCDs (Hquid crystal display) and PDPs (plasma display panel), a glass 

15 substrate for DNA analysis that is used in the field of biotechnology, solar cell panel, 
etc. Further, when a substrate coated with a photocatalyst fihn is a resin fi-ame, 
contamination preventive properties are given to such equipment and facilities as 
portable information terminal devices, sanitary facilities, medical facilities, electronic 
devices, etc. Thus, when coated on various kinds of substrates, a photocatalyst film 

20 provides properties to the substrate surfaces by which they exhibit very httle 

contamination or any contamination is easily removed. Further, a photocatalyst film 
has anti-bacteria action and is applicable to bio-medical inspection chips such as a vio 
chip or a chemical chip. This invention related to an article having a substrate coated 
with a photocatalyst film a method for preparing the article and sputtering targets for 

25 use in coating the film. 



Description of the Related Art 

In Japanese Laid-Open Patent PubUcation No. HEX 10-66879, glass plates 
coated with a titanium oxide fihn, a zinc oxide fihn or a tungsten oxide film are 
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disclosed as articles with a photocatalyst film fonned on substrates and it is stated that 
these are best suited for containing such metals as platinxmi, palladium, nickel, copper, 
tin in this photocatalyst fihn in order to improve the photocatalyst activity. It is also 
stated that this photocatalyst film is coated by reactive sputtering in inactive gas 
5 containing oxygen using a metal corresponding to metal oxide forming the 
photocatalyst film as a target. 

In Japanese Laid-Open Patent Publication No. HEI 1 1-92176, articles coated 
with a photocatalyst film comprising titanium oxide, etc. obtained by a sputtering 
method and containing such metallic ions as platinum, nickel, chrome, cobalt, tin, 

10 niobium, tantalum doped into its surface by the ion implanting method as disclosed. 

Further, in the Japanese Laid-Open Patent Publication No. HEI 11-60281, a 
photocatalyst glass with a first layer of Si02 fihn containing AI2O formed on the surface 
of a soda lime silica glass and a second layer comprising TiOi as a main component 
fonned thereon is disclosed. It is also stated that it is better to mix a metal oxide of 

1 5 AI2O3, P2O5, B2O, Zr02, P2O5, SnOa, or TaaO into the T1O2 film thoroughly for the 
purpose of improving film minuteness, fihn strength, and alkali resistance, giving 
conductivity and cutting ultraviolet rays. It is fiirther stated that these metallic oxide 
films are coated by thermally decomposing such organic metallic compounds as 
metallic alkoxide, metallic acetylacetonate, etc. 

20 Further, in FIG. 1 of Japanese Laid-Open Patent Pubhcation No. HEI 10- 

330131, a photocatalyst coated glass article having a good hydrophilic multi-layer 
structure comprising an Sia base layer, a TiOa photocatalyst layer and an SiOi top layer 
formed on a plate glass is disclosed. It is stated that this photocatalyst layer comprises 
mainly titanium oxide with AI2O, Y2O, Ta205 and La205 intermixed. It is also stated 

25 that these photocatalyst metalhc oxide layers are laminated and formed by an electron 
beam vaporization method. 

Out of the existing technology described above, the photocatalyst film disclosed 
in Japanese Laid-Open Patent Publication No. HEI 10-66879 has such metals as 
platinum, palladium, etc. mixed in a titanium oxide fibn in order to increase 

30 photocatalyst activity. However, in the oxygen reactive sputtering method using a 



metal target of titanium, there was such a problem that it was difficult to contain a fixed 
amount of platinum or palladium as a catalyst activity improving agent in the metallic 
state without oxidizing the platinum or palladium while oxidizing titanium when 
coating a titanium oxide film containing such metals as platinum. Further, in the 
5 sputtering method using a target of titanium oxide, there was such a problem that it was 
difficult to a manufacture oxide sintered matter having metaUic powder of platinum 
dispersed imiformly therein. 

In the doping of metallic ion by the ion implanting method disclosed in Japanese 
Laid-Open Patent Publication No. HEI 1 1-92176, there were such problems that 1) 

10 excessive or insufficient doping giving uneven density resulted as metallic ions were 
dispersed in the depth direction of a film so that uniform doping of the film was 
impossible, 2) the grid disorder around the substituting side of the implanted metal 
becomes large and as a result, a dopant does not only Amotion as a donor or an acceptor 
but also a drop of the photocatalyst activity is caused by increase of recombination 

15 center, 3) an amount of ions implanted cannot be greatly increased, 4) several kinds of 
dopants cannot be implanted at a time while controlling their densities, and 5) as 
metallic ions are used for doping by ion implantation, it is difficult to apply the metallic 
ion doping to large sized substrates such as structural window glasses, solar cell panels 
that are installed on the roof of a house, or glass plates used in relatively large displays. 

20 hi the existing technology stated in Japanese Laid-Open Patent Publication No. 

HEI 1 1-60281, there was such a problem that after coating organic metallic compounds 
such a metal alkoxide, metallic acetylacetonate, etc. on a substrate, it was necessary to 
heat the substrate at a high temperature of 500--600°C, so this technology could not be 
applied to thermally restricted substrates such as resin made substrates. 

25 Further, the photocatalyst layer of the existing technology shown in FIG. 1 of 

Japanese Laid-Open Patent PubUcation No. HEI 10-33013 1 is laminated and coated by 
an electron beam vaporization method and it is therefore difficult to apply this 
technology to large substrates such as, for example, a structural window glass, a solar 
cell panel installed on a roof of a house, and a relatively large display unit. 
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This invention is made for solving problems involved in the existing 
technologies described above and it is a first object to provide articles having more 
improved photocatalyst activity. A second object of this invention is to provide an 
article having improved photocatalyst activity even when the surface is large. A third 
5 object of this invention is to provide a photocatalyst function to the surface of a 
substrate even when its thermal resistance is relatively weak. A fourth object of this 
invention is to provide a method to efficiently coat a substrate with an improved 
photocatalyst fihn. 

Summary of the Invention 

10 This invention relates to an article having a substrate with a photocatalyst 

coating film formed thereon by a sputtering method, characterized in that the 
photocatalyst coating fihn comprises: 1) titanium oxide as a main component and 2) at 
least one kind of metal having a sputtering rate for Ar, which has at least one kind of 
energy in the ion energy are of 100 to 2000eV, being 0.9 to 2.7 times that of Ti, 

15 preferably at least one kind of metal selected fi-om the group consisting of Fe, V, Mo, 
Nb, Al and Cr. 

The photocatalyst film of this invention contains titanium oxide as a main 
component and at least one metal selected firom the group consisting of Fe, V Mo, Nb, 
Al and Cr as a component in a small amount. In order to improve the photocatalyst 

20 activity of titanium oxide, one or more than two kinds of metals can be contained. 

Generally, the improvement of the photocatalyst activity of titanium oxide by 
metal ion doping has been studied for a long time, and many metals have been 
examined as additive metals having the effect of improving the photocatalyst activity 
(for example, "Chemical Introduction 39, Inorganic Photochemical", 1st Edition, Page 

25 128, Gakkai Shuppan Center, 1983, "Titanium Oxide", 1st Edition, Page 178, Gihodo, 
1991). The reason for the improvement of the photocatalyst activity of titanium oxide 
by these metals is not clear but is considered that these metal atoms are replaced by 
some of the titanium atoms bonding to oxygen in the titaniimi oxide, the coordinating 
state of the atoms changes, resulting in an increase in active catalyst sites (for example. 



a defective site in a so-called dangling bonded state wherein the coordination of the 
atoms is cut and part of electrons belonging to oxygen or titanium are placed in the free 
state having no bonding mate). It is also considered that the catalytic action is improved 
when the density of easily exciting electrons and electron holes is increased even at 
5 room temperature as a result of metallic doping. 

This invention relates to an article having a substrate and a photocatalyst coating 
film formed thereon by the sputtering method. The present inventors confirmed that 
effective improvement of photocatalyst activity could not be recognized simply by 
doping a titanium oxide film with well known metals by an ordinary method only and 

10 as a result of detailed study, found that the problem can be solved by preparing a 
photocatalyst film by two methods described below. 

The inventors found two methods for forming a photocatalyst coating file: 1) a 
method for forming a film by the sputtering method using a Ti metal sputtering target or 
a Ti sub-oxide sputtering target containing at least one kind of metal having a sputtering 

1 5 rate (also called a sputter rate) for Ar, which has at least one kind of energy in the ion 
energy area of 100 to 2000eV, being 0.9 to 2.7 times that of Ti, preferably at least one 
kind of metal selected from the group consisting of Fe, V, Mo, Nb, Al and Cr, in an 
amount of 0.01 to 10 wt % in terms of the sum of such metals and 2) a method for 
forming a fihn by the sputtering method by providing two kinds of targets for two 

20 sputtering cathodes and applying reversing potential so as to have a cathode and an 
anode altemately. 

In the method 1, a metal for doping a titanium oxide sputtering film is at least 
one kind of metal having sputtering rate for Ar, which has at least one kind of energy in 
a 100 to 2000 eV ion energy area, being 0.9 to 2.7 times of that of Ti, preferably at least 
25 one kind of metal selected from the group of Fe, V, Mo, Nb, Al and Cr. 

A metal doped titanium oxide fihn is formed on a substrate using a Ti metal 
sputtering target or a Ti sub-oxide sputtering target containing this metal in an amount 
of 0.01 to 10 wt % in terms of the sum of such metals by a reactive sputtering method 
using oxygen gas or an ordinary sputtering method. At this time, if the sputtering rate 
30 of the metal differs from that of Ti, the composition of the sputtering target may become 



largely different from that of the formed film. An uneven metal doping, that is, a metal 
segregation is caused and the improvement of the photocatalyst activity is impeded. 
Therefore, the sputtering rate of the doping metal should be 0.9 to 2.7 times that of Ti, 
preferably 0.9 to 2.3 times. If the sputtering rate of the metal is less than 0.9 times that 
5 of Ti, the film composition becomes Ti rich, which is not preferable, and the metal 
doping effect is scarcely displayed. If larger than 2.7 times, the film composition 
becomes metal rich and metal segregation is recognized. This is also not preferable as 
the improvement of the photocatalyst activity is impeded. Such change in composition 
and metal segregation can be fiirther suppressed when the sputtering rate of the metal is 

10 made smaller than 2.3 times that of Ti. 

A sputtering method in a pressure reduced argon containing gas or a reactive 
sputtering method in oxygen plasma using pressure reduced mixed gas containing argon 
and oxygen using a metal corresponding to such oxide as a target can be adopted as a 
sputtering method. As a means for generating discharge plasma in the above sputtering 

15 method, DC glow discharge, intermediate frequency glow discharge, or high frequency 
glow discharge can be used. In the sputtering method using a metal as a target, it is 
desirable to use oxygen in an amount of 10 to 1000% in terms of the sum of argon and 
oxygen. The sputtering is better performed under a reduced pressure of 0.07 to 7 Pa. 
For a sub-oxide target that is used for implanting more than two kinds of metals 

20 in a photocatalyst coating film, a mixed powder of metal oxide or compoimd metal 

oxide powder can be used. According to the degree of conductivity of the target that is 
obtained, either DC or AC or a high frequency power source is used. As a metal target, 
an alloy target or a mixed metal target of powdered sintered matter is used. 

The method 2 described above is a method for sputtering two targets at the same 

25 time. In this method, two cathodes having metal or metal oxide sputtering targets 
forming a photocatalyst coating fihn are arranged adjacent to each other and glow 
discharge plasma is generated by applying voltage by reversing the polarities of these 
cathodes altemately so that one cathode becomes the positive pole when the other is the 
negative pole or vice versa, thereby sputtering two targets simultaneously. 
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At this time, if the sputtering rate of the metal differs largely from that of Ti, the 
target composition and the formed film composition become largely different or uneven 
metal doping, that is, metal segregation is caused and the improvement of the 
photocatalyst activity is impeded. So, for the same reason as in the method 1, the 
5 sputtering rate of the doping metal should be 0.9 to 2.7 times that of Ti, preferably 0.9 
to 2.3 times. 

In the above two sputtering methods, a more crystalline catalyst fihn can be 
coated on a substrate even at a low temperature by forming the film while applying the 
plasma to the film by applying a bias voltage to the substrate or closing the distance 
10 between the substrate and targets. 

Further, when coating the photocatalyst film on a substrate having a relatively 
large surface, for example, a window glass plate for a structure, it is preferable to coat 
the substrate by passing in front of a sputtering target for coating a uniformly thick fihn 
on the entire substrate. 

15 In this invention, when metals are distributed uniformly in a sputtering target in 

advance, or when two kinds of targets in different compositions are sputtered 
simultaneously, a uniform film composition can be achieved. As the film can be coated 
using the method 1 or 2, there are no such problems as non-uniformity of metals that 
becomes a problem in the ion implanting method, drop in photocatalyst activity caused 

20 by the grating disorder of titanimn oxide, control of metal doping amount, difficulty of 
doping of plural metals, etc. Further, as this is a sputtering method, it is easy to apply to 
a substrate having a large surface area such as a window glass of a structure, a solar cell 
panel installed on a house roof, or a glass plate that is used for a relatively large display 
unit and, also, is suited to bio chips and chemical chips for which highly uniform 

25 quality is demanded. 

A specific example of a doping metal in this invention is at least one metal 
selected from the group consisting of Fe, V, Mo, Nb, Al and Cr. Of these metals, Fe, V, 
Mo, Nb and Cr act as donors in a titanium oxide film, supply electrons and contribute to 
improvement of photocatalyst activity by increasing carrier density. Aluminum acts as 

30 an accelerator in the titanium oxide, supplies electron holes and also contributes to the 



improvement of photocatalyst activity by the increase in carrier density. Of these 
metals, Fe, KV and Mo have a large effect in improving catalytic activity, are stable, 
and are especially preferable. 

When using a donor and an acceptor simultaneously, if they are simply mixed, 
5 carriers supplied by them offset each other when generated and are not preferable. It is 
therefore preferred to separate the existing areas of a donor and an acceptor in the fibn 
in the direction of depth so that different kinds of generated carriers do not bind again, 
according to a crystallographic study by the X-ray diffraction analytical method of the 
photocatalyst film of this invention, the photocatalyst film can exhibit various kinds of 

10 crystal structure. For example, a titanium oxide anatase structure, a mixed structure of 
microcrystalline and amorphous anatase titanium oxide, a mixed structure of anatase 
crystal and rutile crystal, and a structure containing a considerable amorphous layer can 
be taken. In any film structure, the photocatalyst activity is larger than that of a 
structure composed of a single component of titanium oxide. 

15 The photocatalyst fihn of this invention does not necessarily require complete 

crystallinity. it is sufficient if there is a certain order of intermediate distance in the 
grating group of titanium oxide. In the photocatalyst film of this invention, in 
connection to an energy band structure followed by electrons and electron holes, if the 
quantum density at the edge portion of the energy band is in a slightly dim state for the 

20 amorphous structure, the photocatalyst activity is rather large. From this, in the 

photocatalyst fihn of this invention, absorption of light containing visible light in a long 
wavelength and generation of a carrier take place when compared with titanium oxide 
alone. 

The content of the metal oxide in a small amount in the photocatalyst film in 
25 terms of the sum of such metal oxide is preferred at 0.01 to 10 wt % on the metal base 
in the film. At a content of 0.01 to 10 wt %, the catalyst activity improving effect is 
scarcely recognized and when exceeding 10 wt %, the intermediate distance order of the 
grating structure of titanium oxide is disturbed remarkably, the moving distance of the 
photocatalyst carrier becomes short, and the photocatalyst activity becomes small. 
30 Therefore, a content above 10 wt % is not preferable. 



Kinds of substrates that are used in this invention are not limited particularly 
but, for example, such inorganic materials as glass ceramics, quartz, metallic materials 
such as aluminum and stainless steel, and resin materials such as polycarbonate, 
polymethyl methacrylate, silicone, polystyrene, polyimide etc. can be used. 
5 When light is applied to an article of this invention, the photocatalyst film is 

excited and such actions as antibacterial, deodorization, decomposition of organic 
articles, and hydrophilic operation are displayed. Thus, the articles of this invention are 
given properties whereby the surface is scarcely contaminated or contamination is 
easily removed and bacteria or viruses are rarely bred. 

10 The metal contained in the photocatalyst film of this invention as a main 

component coated on a substrate for improving the photocatalystic activity can be 
distributed uniformly in the direction of the thickness of the titanixim oxide 
photocatalyst fihn or distributed in different amounts in the thickness direction. When 
distributing a different amount in the thickness direction, a greater amount shall be 

15 distributed to the side of the photocatalyst fihn close to the substrate or a greater amount 
may be distributed to the side of the photocatalyst film receiving the light opposite to 
the substrate side. 

To make the content of the above metal different in the direction of thickness of 
the photocatalyst film, a metal film or a metal oxide film or a titanium oxide film 

20 containing metal is formed on a substrate and a titaniimi oxide fihn is laminated thereon 
or a titanium oxide film is formed on a substrate and a laminated article is formed by 
laminating a titaniiun oxide film containing the above-mentioned metal or a metal oxide 
thereon, and implanting a metal into the titanium oxide fihn through the surface of this 
laminated article by the thermal diffusion method. The photocatalyst film thus obtained 

25 is able to accelerate the diffusion of impurities and film crystallization simultaneously. 
With a metal as an additive in the direction of thickness of the fihn, it is possible to 
diffuse the carrier polarity by making the energy band structure asymmetrical while 
providing an inclined concentration. As a result, the film can be made to have a high 
catalyst activity preventing the recombination quenching in a film. This is particularly 

30 preferable when using the photocatalyst film for solar cell elements. 



A metal can be contained in a photocatalyst by thermal diffusion. One method 
is to heat a substrate when forming a laminated material on the substrate and another 
method is to post heat a laminated material formed on a substrate. Both of these 
methods can be used. In order to contain metal oxide in a photocatalyst film by thermal 
diffusion, the temperature of a substrate when coating on a laminated material is 
normally above ISO^'C and it is better to heat the substrate to 250^*0 or above. Further, 
to diffuse and contain a metal in a laminated material formed on a substrate by post- 
heating, it is normally more preferable to heat the substrate to 150°C or above. The 
upper limit of the heating temperature in both methods can be decided in a range so as 
not to damage the substrate.- 

The thickness of a photocatalyst film comprising titanium oxide as a main 
component should be set at more than 20 nm in order to provide photocatalyst activity 
at a level considered practical. Also, a thickness of below 2000 nm is preferred from 
the economical viewpoint inasmuch as the photocatalyst activity does not increase even 
at a thickness greater than 2000 nm. 

This invention is to provide a Ti metal sputtering target or a Ti sub-oxide 
sputtering target containing at least one metal selected from the group of metals at 0.01 
to 1 0 wt % of the sum of such metals. These targets are useful for forming the metallic 
ion doped photocatalyst film and are capable of efficiently and stably supplying 
photocatalyst films having high photocatalyst activity. 

The above and other objects, features and advantages of the present invention 
will become more apparent from the following description when taken in conjunction 
with the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a sectional view of preferred embodiments of an article coated with a 
photocatalyst film of this invention; 

FIG. 2 is an essential part sectional view of a sputtering device using the 
photocatalyst fihn coating method of this invention. 
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FIG. 3 is a schematic diagram showing a sputtering device using the 
photocatalyst fihn coating method of this invention (the DC planar method); 

FIG. 4 is a schematic diagram showing another sputtering device using the 
photocatalyst fibn coating method of this invention (the dissimilar metals simultaneous 
discharge method); 

FIG. 5 is a schematic diagram showing yet another sputtering device using the 
photocatalyst fihn coating method of this invention (the DM method); and 

FIG. 6 is a schematic diagram showing yet another sputtering device using the 
photocatalyst film coating method of this invention (the DC cylindrical method). 



Description of the Preferred Embodiments 

FIG. 1 is a sectional view of a photocatalyst film coated article as an 
embodiment of this invention. FIG. 1(a) shows an article 10 of this invention having a 
photocatalyst film 12 formed on a glass plate 1 1 as a substrate. FIG. 1(b) shows the 

15 article 10 of this invention having the glass plate 1 1 with a metal oxide film 13 and the 
photocatalyst film 12 laminated and coated thereon with a metal contained in the 
substrate side by thermal diffusion, wherein a diffusion layer 14 exists in the 
photocatalyst film 12. In FIG. 1(c), the photocatalyst film 12 and the metal oxide 13 are 
laminated in that order on the glass plate 1 1 as a substrate, the metal oxide is contained 

20 in the photocatalyst film surface by thermal diffusion, and the diffusion layer 14 is 
formed. 

FIG. 2 is a sectional view of essential parts of a sputtering device for explaining 
a method for coating the photocatalyst film of this invention on a substrate 4. Argon 
gas or oxygen gas is introduced fi^om a gas induction tube 5 into a film forming device 

25 including a gas retaining plate 6 that forms the photocatalyst film on a substrate 4. At 
the same time, the inside of the film forming device is exhausted by a vacuum exhaust 
pump and regulated to an atmospheric space reduced to a fixed pressure. The pressure 
and gas composition of the atmosphere of this pressure reduced space is regulated by a 
vacuum exhaust pump, an induced gas amount and a pressure regulating valve (not 

30 shown) so as to enable the sputtering. 
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When negative voltage is applied to cathodes 1 A, IB from a power source 7, 
targets 2A and 2B are sputtered by such positive ions as argon in glow discharge 
plasma generated on the surfaces of the targets. Sine waves, pulse waves, and time 
asymmetrical waves can be used for applying voltage to the cathodes. Any wave 
5 capable of Fourier development is also suitable. If targets are not conductive, high 
frequency is applied. The reference zero potential of the applied voltage waveform is 
normally the same as the earth potential of a film forming device, further, a DC bias 
having a polarity common to the two cathodes may be applied at the same time. In this 
case, the earth potential of a film forming device and the reference zero potential of the 

1 0 above-mentioned waveform are normally floating and have no relation to each other. 

A negative voltage is applied to the cathodes 1 A and IB from the power source 
7. At this time, electrical charges accumulated on the surfaces of the targets are 
destaticized by reversing polarities of the respective cathodes altemately by an 
oscillator (a polarity converter) 8 so that the cathode IB becomes the positive pole when 

15 the cathode of the cathode lA is the negative pole while the cathode 1 A becomes the 
positive pole when the cathode IB is the negative pole. From a instantaneous point of 
view, the targets 2 A, 2B provided on the surfaces of the two cathodes are sputtered by 
the altemately reversing glow discharge 3 generated by applying a negative voltage to 
one cathode and a positive voltage to the other cathode. 

20 A reversing frequency for reversing polarity is preferred at 10 kHz or above. If 

less than 1 KHz, the charge eliminating action on the target surfaces drops, plus ion 
action to voltage oscillation is delayed and the charge eliminating action on the target 
surfaces is scarcely obtained and therefore, it is preferred to set the reversing frequency 
at 1 MHz or below. 

25 Waveforms of applied voltage are not especially Umited if they are well- 

balanced applied voltage waveforms such as sine waves, square pulse waves, and time 
asymmetrical waves in which charges of surfaces of the two target materials are 
neutralized relative to the time base. 

When the cathode polarity is reversed by the above-mentioned preferable 

30 reversing frequency, the so-called cathode sputtering is carried out intermittently for 
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each target microscopically. When the reversing period of polarity is selected in the 
preferable range described above, the targets 1 A and IB are sputtered at the same time 
when viewed in broad perspective and the photocatalyst film is coated on the substrate 
4. 

5 Electric charges accumulated on the two target surfaces are neutralized by 

reversed potential and reversed current, and two targets are sputtered while destaticized. 
Therefore, no thermal shock is caused during the dielectric breakdown in the 
photocatalyst film by the electric charges accumulated on the fihn surface. As a result, 
abnormal discharge (arcing, corona, etc.) resulting from the thermal shock is suppressed 

10 or not longer caused. 

By the cleaning action to sputter the two target surfaces by glow discharge 
plasma, the photocatalyst film is coated on the targets while removing the film 
accumulated on the eroded surfaces of the targets. Therefore, the accumulation of 
electrical insulating film on the eroded surfaces of the two targets is suppressed, the so- 

1 5 called anode electrode vanishing phenomenon observed when coating a metal oxide 
film using a ordinary single target is not incurred and the glow discharge plasma does 
not stop during the photocatalyst film coating. Thus, even when a metal is used as a 
target, a reactive gas such as oxygen for the sputtering gas or the substrate is heated, and 
it is possible to coat a fine photocatalyst film of metal oxide stably on the substrate. 

20 When a target is of a planar (a rectangular parallepiped) type, a backing plate 

that is normally composed of copper as a main component, a cooling mechanism for 
cooling the backing plate and a reinforced magnet for constructing a magnetron are 
provided on the back of each target in one integral body with the target or separately. 
Further, in order to increase close adhesion on the surfaces of a target material and a 

25 backing plate, it is better to plate a normally copper made backing plate surface with 
nickel or indium. 

Further, when a cylindrical shape target is used, it is possible to use such a well 
known method whereby a cyUndrical target material is prepared on the sm-face of a 
cylindrical backing cylinder, magnetron magnets are arranged linearly on the inner 
30 tangent line in the longitudinal direction, and this cylinder is rotated together with a 
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target without moving the magnet. As a result, the whole surface of the target can be 
provided as an erosion area and the target use efficiency can be improved. In addition, 
the cooling effect of the target surface resulting from the shift caused by the erosion can 

be improved. 

5 The results when the photocatalyst film of this invention is coated on a glass 

plate will be shown below in detail by comparing the embodiments with comparison 
examples. 

(Film Coating Conditions) 

. Distance Ls between a substrate and a target: 100 nun 
10 . Distance Lc between two targets: 30 mm 

The distance between two targets is preferred as close as possible to a distance 
between a substrate and a target or less for uniform doping. 
. Sputtering method: Largely divided into the following two methods: 

1) A DC sputtering using a DC power source (expressed as DC in Tables 1 - 3: see 
15 FIGs. 3, 4 and 6; one DC power source is connected to each of the two targets in 

Fig. 4) 

2) An applied voltage alternate reverse sputtering using an internal frequency power 
source (expressed as the DM method in Table 1 3: A power source capable of 
applying a sine wave with a reversing frequency set at 40 kHz by the oscillator in 

20 FIG. 2 is used.). 

. Sputtering power: Regulated in the range of voltage 400 
- 600V, charging electric power 2^20 kW. 

. Sputtering gas: When coating a metal oxide fibn on a metal oxide used as a target, gas 
containing 1-15 vol. % oxygen in argon is used; and when coating a metal oxide film 
25 on a metal used as a target, argon gas containing 10-^50 vol. % oxygen is used. 
. Sputtering pressure: 0.5 Pa 

. Substrate temperature at film coating: As shown in Tables l'-3. "Room Temp." 
shown in Tables l-'3 indicates that the substrate was not heated. 
. Heat treatment after fihn forming: As shown in Tables 1~3. The heat treatment was 
30 carried out under atmospheric conditions. 
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. Target composition: Shown in metal base wt %: (photocatalyst activity improving 
metal/(photocatalyst activity improving metal + titanium metal) x 100. In Tables 1-3, 
shown in the form "Ti-aM". This denotes a Ti main component target containing a wt 
% M Metal. However, in the case of a sub-oxide target, a value converted to a metal 
5 base. 

. Sputtering rate (M/Ti): Ratios of sputtering rates of added metal to those of Ti when 
sputtered in Ar at 500V are shown in Tables 1-2. Values of sputtering rates are 
shown in, for example, "Metal Data Book", Revised 3 Edition. Page 389, Maruzen 
(1993) and "Basis of Thin Film Preparation", First Edition, Pages 126 - 130, Nikkan 
10 Kogyo Shimbunsha (1983). 

(Photocatalyst Film) 

. Adding metal ratio: The amount of metal contained in the film is expressed in the 
metal base. Values of added metals/(added metal + Ti) are shown in Tables 1-3. 
. Film thickness: Using a transmission electron microscope, fibn thickness was 
1 5 measured by observing the fi-actured surfaces. 
(Evaluation of Photocatalyst Film Activity) 

Triolein (glycerol triolate, Ci7H33COOCH(CH20COCi7H33)2) was coated on a 100 mm 
square sample surface to 0.1 mg/cm , ultraviolet rays were applied successively at a 
strength 3mW/cm^ using an UV lamp, and rates of triolein that is decomposed with 
20 lapse of time were measured. Using glass plates without the photocatalyst fihn formed 
as reference samples, changes in triolein weight on the photocatalyst film caused by 
ultraviolet rays applied were measured 3 times; after 48 hours, 60 hours and 90 hours, 
and the photocatalyst activity was classified into the following four ranks by times 
required for the complete decomposition of triolein. 

25 Almost 100% of triolein is decomposed within 48 hours: © 
Ahnost 100% of triolein is decomposed within 60 hours: O 

Ahnost 100% of triolein is decomposed within 90 hours: A 
After 90 hours, triolein still remains: X 
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Embodiment 1 

A metal target 2 comprising Ti as a main component containing 0.2 wt % Fe 
metal in a sputtering device connected to ground 16 shown in FIG. 3 (the sputtering rate 
5 of Fe and Ti was 2.16). After the film forming device was once exhausted to the 
vacuum state at 1.3 x lO'^Pa, mixed gas of argon and oxygen (70% vol. % argon, 30 
vol. % oxygen) was introduced and the pressure in the film forming device was 
maintained at 0.4Pa. Thereafter, the target 2 was sputtered by providing a cathode with 
the power fi-om a DC power source 15 and a 100mm square size glass plate substrate 4 

10 composed of soda lime silica was passed in fi-ont of the target, so that a 250 nm thick 
photocatalyst film was formed on the glass plate substrate 4. The film coating 
conditions and the photocatalyst activity evaluation results are shown in Table 1 . When 
this glass plate substrate 4 was taken out of the film forming device and the 
photocatalyst activity of the photocatalyst fihn of the obtained article was evaluated, 

1 5 almost 1 00% of triolein was decomposed after 48 hours. As this article has a larger 
photocatalyst activity than the article obtained in the comparison example shown on 
Table 3, the improvement of the photocatalyst activity of the titanium oxide film formed 
by a method to mix metallic element Fe in a sputtering target was recognized. 
Embodiment 2 

20 Under the same conditions as those in Embodiment 1 excepting that a titanium 

metal target containing Fe in the added amount of 1 wt % on the metal base was used, a 
250 nm thick photocatalyst film was coated on a glass plate. The coating conditions 
and the evaluation of the photocatalyst activity are shown on Table 1 . The 
photocatalyst fihn of the obtained article has a larger photocatalyst activity than that of 

25 the article obtained in the comparison example shown in Table 3 described later and the 
effect of this invention was recognized. 
Embodiment 3 

Under the same conditions as those in Embodiment 1 excepting that a titanium 
target with 0.5 wt % V added (a ratio of the sputtering rates of V and Ti was 1.27) was 
30 used, a 250 nm thick photocatalyst fihn was formed on a glass plate. The coating 
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conditions and the evaluation of photocatalyst activity are shown in Table 1 . The 
photocatalyst fihn of the obtained article has a larger photocatalyst activity than that of 
the article obtained in the comparison example shown in Table 3 described later and the 
effect of this invention was recognized. 
5 Embodiment 4 

Using a sputtering device connected to ground 16 having two rotational 
cylindrical targets 18 and 19 as shown in FIG. 4, a Mo doped titanium oxide fihn (50 
nm thick) was formed on a glass substrate 4 by simultaneously discharging dissimilar 
targets of Ti and Mo (the ratio of Mo and Ti sputtering rates was 1.57). The doping 

10 amount of Mo added to the titanium oxide film was regulated by applying electric 
power fi-om a DC sputter power source 15 to each target, separately. The coating 
conditions and the evaluation of the photocatalyst activity are shown in Table 1 . The 
obtained article has a photocatalyst activity greater than that of the article obtained in 
the comparison example shown in Table 3 described later and the effect of this 

1 5 invention was recognized. 
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[Table 1] 



Item 


Embodiment 


Embodiment 


Embodiment 


Embodiment 




1 


z 


3 


4 


[Coating ConditionsJ 










Target composition 


Ti-0.2Fe 


Ti-lFe 


Ti-O.SV 


Ti,Mo 


Sputtenng ratio (M/Ti) 


2.16 


2.16 


1.27 


1.57 


Kind of target 


Metal 


Metal 


Metal 


Metal 


Sputtering method 


DC 


DC 


DC 


Dissimilar metals 
same time 
discharging 


Cathode shape 


Planar 


Planar 


Planar 


Cylindncal 


Sputtering Gas 


Ar:02 


Ar:02 


AxiOi 


A 

Ar:02 


[Volume rate] 


[=70:30] 


[=70:30] 


[=70:30] 


[=70:30] 


Substrate temperature 


Room temp. 


Room temp. 


T> A. 

Room temp. 


Room temp. 


( C) 










Heat treatment after 


None 


None 


None 


None 


mm lorming 










[Photocatalyst film] 










Film composition 


Ti02:Fe 


Ti02:Fe 


Ti02:V 


TiOaiMo 


Added metal weight 


0.2 


1.0 


0.5 


3.0 


ratio 










Film thickness (nm) 


250 


250 


250 


250 


Photocatalyst activity 


© 


O 




O 


evaluation 







5 Embodiment 5 

Under the same conditions as those in Embodiment 1 except that a titanium 
metal target with 2 wt % of Nb added (the sputtering ratio of Nb and Ti was 1.18) was 
used, the photocatalyst fihn was formed on a glass plate and thereafter, heat treated for 
one hour at 300®C in the atmosphere, and a 300 nm thick photocatalyst film was 
10 obtained. The coating conditions and the evaluation of the photocatalyst activity are 
shown in Table 2. The photocatalyst fihn has a photocatalyst activity greater than that 
of the article obtained in the comparison example shown in Table 3 described later and 
the effect of this invention was recognized. 
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Embodiment 6 

A titanium oxide film doped with two kinds of metals: Fe and V doped was 
foraied on a glass substrate 4 by the DM method (the dual magnetron method). A 
sputtering device connected to ground 16, having a power soxirce 17 and two rotational 
5 targets 1 8 as shown in FIG. 5 was used. The ratio of the sputtering rates of Fe and Ti 
was 1.27. The coating conditions and the evaluation of the photocatalyst activity are 
shown in Table 2. The photocatalyst fihn of the obtained article has a photocatalyst 
activity greater than the article obtained in the comparison example shown in Table 3 
and the effect of this invention was recognized. 

10 Embodiment? 

Using a Ti target with 3 kinds of metals added: Fe, V and Mo shown in Table 2 
as a Ti target, a titanium oxide film doped with the above-mentioned 3 kinds of metals 
was formed on a glass substrate 4 (the ratio of the sputtering rates of Fe and Ti was 
2.16, that of V and Ti was 1.27 and that of Mo and Ti was 1.57) in the same manner as 

15 in Embodiment 6 excepting that a gas containing equal volumes of Ar and O2 was used 
as the sputtering gas. The coating conditions and the evaluation of the photocatalyst 
activity are shown in Table 2. The photocatalyst film of the obtained article has a 
photocatalyst activity greater than that of the article obtained in the comparison example 
shown in Table 3 described later and the effect of this invention was recognized. 

20 Embodiment 8 

Using a titanium sub-oxide target with 3 kinds of metals added: Fe, V and Mo 
shown in Table 2, the titanium oxide film doped with these 3 kinds of metals was 
formed on a glass substrate 4 heated to 250''C in the Ar gas (Ar: O2 = 90:10) containing 
a small amount of O2. The sputtering device connected to ground 16 including a DC 

25 power supply 15 and a rotating cylindrical target 18 shown in FIG. 6 was used. The 
ratio of the sputtering rates of Fe and Ti was 2.16 and that of Mo and Ti was 1.57. The 
coating conditions and the evaluation of the photocatalyst activity are shown in Table 2. 
The photocatalyst film of the obtained article has a photocatalyst activity greater than 
those of the article obtained in the comparison example shown in Table 3 described 

30 later and the effect of this invention was recognized. 
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[Table 2] 



Item 


Embodiment 


Embodiment 


Embodiment 


Embodiment 




5 


6 


7 


8 


[Coating Conditions] 










Target composition 


Ti-2Nb 


Ti-0.5Fe-0.5 


Ti-0.5Fe-IV- 


Ti-0.5Fe-lV- 






V 


0.5MO 


0.5Mo 


Sputtering ratio 


1.18 




2.16,1.27,1.57 


2.16,1.27,1.57 


(M/Ti) 




2,16, 1.27 






Kind of Target 


Metal 


Metal 


Metal 


TiOx Sub-Oxide 
DC 


Sputtering Method 


DC 




DM Method 


Cylindrical 


Cathode shape 


Planar 


DM Method 


Cylindrical 


Ar:02 


Sputtering Gas 


Ar:02 


Cylindrical 


Ar:02 


[=90:10] 


[Volume rate] 


[-70:30] 


Ar:02 


[=50:50] 


250 


Substrate 


Room temp. 


[=60:40] 


Room temp. 




Temperature (°C) 




Room temp. 




None 


Heat treatment after 


300^C, Ih 




None 




Film Forming 




250°C, Ih 






[Photocatalyst Fihn] 










Film composition 


Ti02:Nb 


Ti02:Fe,V 


Ti02:Fe,V,Mo 


Ti02:Fe,V,Mo 


Added Metal Wt. 


2.02 


Fe0.5,V0.5 


Fe0.5,Vl,Mo 


Fe0.5,Vl,Mo 


Ratio 






0.5 


0.5 


Film Thickness (nm) 


300 


250 


250 


250 


Photocatalyst 


o 


© 


© 


o 


Activity Evaluation 







Comparison Examples 1 and 2 
5 Articles having a photocatalyst fihn comprising titanium oxide containing no 

metal were coated on glass substrates. The coating conditions and the evaluation results 
of the obtained photocatalyst fihn are shown in Table 3. The photocatalyst activity of 
the obtained articles was lower than that of the articles in the embodiments. 
Comparison Examples 3 and 4 
10 Photocatalyst fihn s doped with metals of which the sputtering rates of added 

metals and Ti were outside the scope of claims of this invention were produced. A 
titanium oxide fihn doped with Pt of which the ratio of the sputtering rate to Ti is 2.75 
was produced in Comparison Example 3 and a titanium oxide film doped with Pd of 
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which the ratio of the sputtering rate was 4.08 was produced in Comparison Example 4 
using the same method as in Embodiment 1 . The coasting conditions of the fihn and 
the evaluation results of the obtained photocatalyst films are shown in Table 3. The 
photocatalyst activity of the obtained articles was lower than that of the articles in the 
5 embodiments and the effect of this invention is clear. 

From the embodiments and the comparison examples shown above, it is clear 
that the photocatalyst film described in the embodiments of this invention has a more 
improved photocatalyst activity than a photocatalyst film that is composed of titanium 
oxide only or a photocatalyst film having a ratio of the sputtering rates of metal and Ti 

10 outside the range of the claims of this invention. Further, it can be seen that when 

coating a photocatalyst film on a substrate by the sputtering method using a set of two 
cathodes, voltage is applied to these two cathodes so as to reverse the polarity of the 
cathodes altemately. It is also clear that when a Ti metal target or a Ti sub-oxide target 
with a specified metal of this invention added is used, it is possible to supply a film 

1 5 doped with a specified metal ion, having a high photocatalyst activity, efficiently and 
stably. 
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[Table 3] 



Item 


Comparison 


Comparison 


Comparison 


Companson 




Example 1 


Example 2 


Example 3 


Example 4 


[Coating Conditions] 










Target Compositions 


Ti 


Ti 


Ti-2.8Pt 


Ti-4Pd 


Ratio of Sputtenng 


... 


... 


2.75 


4.08 


Rates (M/Ti) 










Kind of Target 


Metal 


TiOx 


Metal 


Metal 






sub-oxide 






Sputtenng Method 


DC 


DC 


DC 


DC 


Cathode shape 


Planar 


Cylindrical 


Planar 


Cylindrical 


Sputtering Gas 


Ar:02 


Ar:02 


Ar:02 


Ar:02 


[Volume rate] 


[=70:30] 


[=90:10] 


[=70:30] 


[=70:30] 


Substrate 


Room temp. 


250 


Room temp. 


Room temp. 


1 emperature 










Heat treatment after 


None 


None 


None 


None 


Film Forming 










[Photocatalyst Film] 










Film Composition 


Ti02 


Ti02 


Ti02:Pt 


Ti02:Pd 


Added Metal Wt 


0 


0.0 


2.8 


4.0 


Rate 










Film Thickness (nm) 


250 


250 


250 


250 


Photocatalyst 


A 


X 


A 


X 


Activity Evaluation 











A photocatalyst fihn comprising titanium oxide as a main component of an 
article of this invention contains specified metals in a specified amount, which increase 
the photocatalyst activity. 

A photocatalyst coating fihn of this invention is formed on a substrate by a 
10 sputtering method using a Ti metal target or a Ti sub-oxide target containing at least one 
metal having a sputtering rate for Ar of 0.9 to 2.7 times that of Ti. Ar has at least a kind 
of energy in a 30 to SOOOeV ion energy area. Therefore, non-uniformity and 
segregation of doping metals can be prevented and thereby, a drop in the photocatalyst 
activity can be suppressed. Also, this photocatalyst fihn is applicable to a substrate 
1 5 comprising material having a relatively small heat resistance. 
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When a Ti metal target or a Ti sub-oxide target with a specified metal of this 
invention added is used, it is possible to supply a photocatalyst fihn doped with a 
specified metal ion, having a high photocatalyst activity efficiently and stably. 

In addition, by a method for coating a photocatalyst film on articles of this 
5 invention, a photocatalyst film having a large photocatalyst activity can be coated at a 
high coating speed. 
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12052.51USWO PATENT 

MARKED UP VERSION 

5 

ARTICLE COATED WITH PHOTOCATALYST FILM. METHOD FOR 
PREPARING THE ARTICLE AND SPUTTERING TARGET FOR USE IN 

COATING THE FILM 

10 This application is a divisional of application Serial No. 10/168,253, filed June 

17. 2002, which application(s) are incorporated herein by reference." 

Background of the Invention 

Field of the Invention 

1 5 When a substrate coated with a photocatalyst film is a glass plate, the glass plate 

is used in a wide range of fields, for example, window glass for architectural windows, 
windows for LCDs (liquid crystal display) and PDPs (plasma display panel), a glass 
substrate for DNA analysis that is used in the field of biotechnology, solar cell panel, 
etc. Further, when a substrate coated with a photocatalyst fihn is a resin fi-ame, 

20 contamination preventive properties are given to such equipment and faciUties as 

portable information terminal devices, sanitary facilities, medical facilities, electronic 
devices, etc. Thus, when coated on various kinds of substrates, a photocatalyst film 
provides properties to the substrate surfaces by which they exhibit very little 
contamination or any contamination is easily removed. Further, a photocatalyst film 

25 has anti-bacteria action and is applicable to bio-medical inspection chips such as a vio 
chip or a chemical chip. This invention related to an article having a substrate coated 
with a photocatalyst film a method for preparing the article and sputtering targets for 
use in coating the fihn. 
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Description of the Related Art 

In Japanese Laid-Open Patent Publication No. HEI 10-66879, glass plates 
coated with a titanium oxide film, a zinc oxide film or a tungsten oxide film are 
disclosed as articles with a photocatalyst film fomied on substrates and it is stated that 
5 these are best suited for containing such metals as platinum, palladium, nickel, copper, 
tin in this photocatalyst film in order to improve the photocatalyst activity. It is also 
stated that this photocatalyst fihn is coated by reactive sputtering in inactive gas 
containing oxygen using a metal corresponding to metal oxide forming the 
photocatalyst film as a target. 

10 In Japanese Laid-Open Patent Publication No. HEI 11 -92 1 76, articles coated 

with a photocatalyst film comprising titanium oxide, etc. obtained by a sputtering 
method and containing such metallic ions as platinum, nickel, chrome, cobalt, tin, 
niobium, tantalum doped into its surface by the ion implanting method as disclosed. 
Further, in the Japanese Laid-Open Patent Publication No. HEI 1 1-60281, a 

15 photocatalyst glass with a first layer of Si02 film containing AI2O formed on the surface 
of a soda lime siUca glass and a second layer comprising Ti02 as a main component 
formed thereon is disclosed. It is also stated that it is better to mix a metal oxide of 
AI2O3, P205,B20, Zr02, P2O5, Sn02, or Ta20 into the Ti02 film thoroughly for the 
purpose of improving film minuteness, film strength, and alkali resistance, giving 

20 conductivity and cutting ultraviolet rays. It is further stated that these metallic oxide 
fihns are coated by thermally decomposing such organic metallic compounds as 
metallic alkoxide, metallic acetylacetonate[-acetonert], etc. 

Further, in FIG, 1 of Japanese Laid-Open Patent Publication No. HEI 10- 
330131, a photocatalyst coated glass article having a good hydrophiHc multi-layer 

25 structure comprising an Si2 base layer, a Ti02 photocatalyst layer and an Si02 top layer 
formed on a plate glass is disclosed. It is stated that this photocatalyst layer comprises 
mainly titanium oxide with AI2O, Y2O, Ta205 and La205 intermixed. It is also stated 
that these photocatalyst metallic oxide layers are laminated and formed by an electron 
beam vaporization method. 
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Out of the existing technology described above, the photocatalyst film disclosed 
in Japanese Laid-Open Patent Publication No. HEI 10-66879 has such metals as 
platinum, palladium, etc. mixed in a titanium oxide film in order to increase 
photocatalyst activity. However, in the oxygen reactive sputtering method using a 
5 metal target of titanium, there was such a problem that it was difficult to contain a fixed 
amount of platinum or palladium as a catalyst activity improving agent in the metallic 
state without oxidizing the platinum or palladium while oxidizing titanium when 
coating a titanium oxide film containing such metals as platinxmi. Further, in the 
sputtering method using a target of titanium oxide, there was such a problem that it was 

1 0 difficult to a manufacture oxide sintered matter having metallic powder of platinimi 
dispersed uniformly therein. 

In the doping of metallic ion by the ion implanting method disclosed in Japanese 
Laid-Open Patent Publication No. HEI 1 1-92176, there were such problems that 1) 
excessive or insufficient doping giving uneven density resulted as metallic ions were 

1 5 dispersed in the depth direction of a film so that xmiform doping of the film was 
impossible, 2) the grid disorder around the substituting side of the implanted metal 
becomes large and as a result, a dopant does not only fimction as a donor or an acceptor 
but also a drop of the photocatalyst activity is caused by increase of recombination 
center, 3) an amount of ions implanted cannot be greatly increased, 4) several kinds of 

20 dopants cannot be implanted at a time while controlling their densities, and 5) as 

metallic ions are used for doping by ion implantation, it is difficult to apply the metallic 
ion doping to large sized substrates such as structural window glasses, solar cell panels 
that are installed on the roof of a house, or glass plates used in relatively large displays. 
In the existing technology stated in Japanese Laid-Open Patent Publication No. 

25 HEI 1 1-60281, there was such a problem that after coating organic metallic compounds 
such a metal alkoxide, metallic acetylacetonate[-acetonert], etc. on a substrate, it was 
necessary to heat the substrate at a high temperature of 500'-600°C, so this technology 
could not be applied to thermally restricted substrates such as resin made substrates. 
Further, the photocatalyst layer of the existing technology shown in FIG. 1 of 

30 Japanese Laid-Open Patent Publication No. HEI 10-33013 1 is laminated and coated by 



an electron beam vaporization method and it is therefore difficult to apply this 
technology to large substrates such as, for example, a structural window glass, a solar 
cell panel installed on a roof of a house, and a relatively large display unit. 

This invention is made for solving problems involved in the existing 
technologies described above and it is a first object to provide articles having more 
improved photocatalyst activity. A second object of this invention is to provide an 
article having improved photocatalyst activity even when the surface is large. A third 
object of this invention is to provide a photocatalyst function to the surface of a 
substrate even when its thermal resistance is relatively weak. A fourth object of this 
invention is to provide a method to efficiently coat a substrate with an improved 
photocatalyst film. 

Summary of the Invention 

This invention relates to an article having a substrate with a photocatalyst 
coating fihn formed thereon by a sputtering method, characterized in that the 
photocatalyst coating fihn comprises: 1) titanium oxide as a main component and 2) at 
least one kind of metal having a sputtering rate for Ar, which has at least one kind of 
energy in the ion energy are of 100 to 2000eV, being 0.9 to 2.7 times that of Ti, 
preferably at least one kind of metal selected fi-om the group consisting of Fe, V, Mo, 
Nb, Al and Cr. 

The photocatalyst film of this invention contains titanixmi oxide as a main 
component and at least one metal selected fi"om the group consisting of Fe, V Mo, Nb, 
Al and Cr as a component in a small amount. In order to improve the photocatalyst 
activity of titanium oxide, one or more than two kinds of metals can be contained. 

Generally, the improvement of the photocatalyst activity of titanium oxide by 
metal ion doping has been studied for a long time, and many metals have been 
examined as additive metals having the effect of improving the photocatalyst activity 
(for example, "Chemical Introduction 39, Inorganic Photochemical", 1st Edition, Page 
128, Gakkai Shuppan Center, 1983, "Titanium Oxide", 1st Edition, Page 178, Gihodo, 
1991). The reason for the improvement of the photocatalyst activity of titanium oxide 



by these metals is not clear but is considered that these metal atoms are replaced by 
some of the titanium atoms bonding to oxygen in the titanium oxide, the coordinating 
state of the atoms changes, resulting in an increase in active catalyst sites (for example, 
a defective site in a so-called dangling bonded state wherein the coordination of the 
5 atoms is cut and part of electrons belonging to oxygen or titanium are placed in the free 
state having no bonding mate). It is also considered that the catalytic action is improved 
when the density of easily exciting electrons and electron holes is increased even at 
room temperature as a result of metallic doping. 

This invention relates to an article having a substrate and a photocatalyst coating 

10 film formed thereon by the sputtering method. The present inventors confirmed that 
effective improvement of photocatalyst activity could not be recognized simply by 
doping a titanium oxide film with well known metals by an ordinary method only and 
as a result of detailed study, found that the problem can be solved by preparing a 
photocatalyst film by two methods described below. 

1 5 The inventors found two methods for forming a photocatalyst coating file: 1) a 

method for forming a film by the sputtering method using a Ti metal sputtering target or 
a Ti sub-oxide sputtering target containing at least one kind of metal having a sputtering 
rate (also called a sputter rate) for Ar, which has at least one kind of energy in the ion 
energy area of 100 to 2000eV, being 0.9 to 2.7 times that of Ti, preferably at least one 

20 kind of metal selected from the group consisting of Fe, V, Mo, Nb, Al and Cr, in an 
amount of 0.01 to 10 wt % in terms of the sum of such metals and 2) a method for 
forming a fihn by the sputtering method by providing two kinds of targets for two 
sputtering cathodes and applying reversing potential so as to have a cathode and an 
anode ahemately. 

25 In the method 1, a metal for doping a titanium oxide sputtering film is at least 

one kind of metal having sputtering rate for Ar, which has at least one kind of energy in 
a 100 to 2000 eV ion energy area, being 0.9 to 2.7 times of that of Ti, preferably at least 
one kind of metal selected from the group of Fe, V, Mo, Nb, Al and Cr. 

A metal doped titanium oxide fihn is formed on a substrate using a Ti metal 

30 sputtering target or a Ti sub-oxide sputtering target containing this metal in an amount 



of 0.01 to 10 wt % in terms of the sum of such metals by a reactive sputtering method 
using oxygen gas or an ordinary sputtering method. At this time, if the sputtering rate 
of the metal differs from that of Ti, the composition of the sputtering target may become 
largely different from that of the formed film. An uneven metal doping, that is, a metal 
5 segregation is caused and the improvement of the photocatalyst activity is impeded. 
Therefore, the sputtering rate of the doping metal should be 0.9 to 2.7 times that of Ti, 
preferably 0.9 to 2.3 times. If the sputtering rate of the metal is less than 0.9 times that 
of Ti, the film composition becomes Ti rich, which is not preferable, and the metal 
doping effect is scarcely displayed. If larger than 2.7 times, the fibn composition 

10 becomes metal rich and metal segregation is recognized. This is also not preferable as 
the improvement of the photocatalyst activity is impeded. Such change in composition 
and metal segregation can be fiirther suppressed when the sputtering rate of the metal is 
made smaller than 2.3 times that of Ti. 

A sputtering method in a pressure reduced argon containing gas or a reactive 

1 5 sputtering method in oxygen plasma using pressure reduced mixed gas containing argon 
and oxygen using a metal corresponding to such oxide as a target can be adopted as a 
sputtering method. As a means for generating discharge plasma in the above sputtering 
method, DC glow discharge, intermediate frequency glow discharge, or high frequency 
glow discharge can be used. In the sputtering method using a metal as a target, it is 

20 desirable to use oxygen in an amount of 10 to 1000% in terms of the sum of argon and 
oxygen. The sputtering is better performed under a reduced pressure of 0.07 to 7 Pa. 

For a sub-oxide target that is used for implanting more than two kinds of metals 
in a photocatalyst coating film, a mixed powder of metal oxide or compound metal 
oxide powder can be used. According to the degree of conductivity of the target that is 

25 obtained, either DC or AC or a high frequency power source is used. As a metal target, 
an alloy target or a mixed metal tai^get of powdered sintered matter is used. 

The method 2 described above is a method for sputtering two targets at the same 
time. In this method, two cathodes having metal or metal oxide sputtering targets 
forming a photocatalyst coating film are arranged adjacent to each other and glow 

30 discharge plasma is generated by applying voltage by reversing the polarities of these 



cathodes alternately so that one cathode becomes the positive pole when the other is the 
negative pole or vice versa, thereby sputtering two targets simultaneously. 

At this time, if the sputtering rate of the metal differs largely from that of Ti, the 
target composition and the formed film composition become largely different or uneven 
5 metal doping, that is, metal segregation is caused and the improvement of the 
photocatalyst activity is impeded. So, for the same reason as in the method 1, the 
sputtering rate of the doping metal should be 0.9 to 2.7 times that of Ti, preferably 0.9 
to 2.3 times. 

In the above two sputtering methods, a more crystalline catalyst fihn can be 
10 coated on a substrate even at a low temperature by forming the fihn while applying the 

plasma to the film by applying a bias voltage to the substrate or closing the distance 

between the substrate and targets. 

Further, when coating the photocatalyst film on a substrate having a relatively 

large surface, for example, a window glass plate for a structure, it is preferable to coat 
1 5 the substrate by passing in front of a sputtering target for coating a uniformly thick fihn 

on the entire substrate. 

In this invention, when metals are distributed uniformly in a sputtering target in 

advance, or when two kinds of targets in different compositions are sputtered 

simultaneously, a imiform film composition can be achieved. As the film can be coated 
20 using the method 1 or 2, there are no such problems as non-uniformity of metals that 

becomes a problem in the ion implanting method, drop in photocatalyst activity caused 

by the grating disorder of titanium oxide, control of metal doping amount, diflSculty of 

doping of plural metals, etc. Further, as this is a sputtering method, it is easy to apply to 

a substrate having a large surface area such as a window glass of a structure, a solar cell 
25 panel installed on a house roof, or a glass plate that is used for a relatively large display 

imit and, also, is suited to bio chips and chemical chips for which highly uniform 

quality is demanded. 

A specific example of a doping metal in this invention is at least one metal 

selected from the group consisting of Fe, V, Mo, Nb, Al and Cr. Of these metals, Fe, V, 
30 Mo, Nb and Cr act as donors in a titanium oxide fihn, supply electrons and contribute to 



improvement of photocatalyst activity by increasing carrier density. Aluminum acts as 
an accelerator in the titanium oxide, supplies electron holes and also contributes to the 
improvement of photocatalyst activity by the increase in carrier density. Of these 
metals, Fe, KV and Mo have a large effect in improving catalytic activity, are stable, 
5 and are especially preferable. 

When using a donor and an acceptor simultaneously, if they are simply mixed, 
carriers suppHed by them offset each other when generated and are not preferable. It is 
therefore preferred to separate the existing areas of a donor and an acceptor in the film 
in the direction of depth so that different kinds of generated carriers do not bind again. 

10 according to a crystallographic study by the X-ray diffraction analytical method of the 
photocatalyst film of this invention, the photocatalyst film can exhibit various kinds of 
crystal structure. For example, a titanium oxide anatase structure, a mixed structure of 
microcrystalline and amorphous anatase titanium oxide, a mixed structure of anatase 
crystal and rutile crystal, and a structure containing a considerable amorphous layer can 

15 be taken. In any fihn structure, the photocatalyst activity is larger than that of a 
structure composed of a single component of titanium oxide. 

The photocatalyst fihn of this invention does not necessarily require complete 
crystallinity. it is sufficient if there is a certain order of intermediate distance in the 
grating group of titanium oxide. In the photocatalyst fihn of this invention, in 

20 connection to an energy band structure followed by electrons and electron holes, if the 
quantum density at the edge portion of the energy band is in a slightly dim state for the 
amorphous structure, the photocatalyst activity is rather large. From this, in the 
photocatalyst fihn of this invention, absorption of light containing visible light in a long 
wavelength and generation of a carrier take place when compared with titanium oxide 

25 alone. 

The content of the metal oxide in a small amoxmt in the photocatalyst film in 
terms of the sum of such metal oxide is preferred at 0.01 to 10 wt % on the metal base 
in the film. At a content of 0.01 to 10 wt %, the catalyst activity improving effect is 
scarcely recognized and when exceeding 10 wt %, the intermediate distance order of the 
30 grating structure of titanium oxide is disturbed remarkably, the moving distance of the 



photocatalyst carrier becomes short, and the photocatalyst activity becomes small. 
Therefore, a content above 10 wt % is not preferable. 

Kinds of substrates that are used in this invention are not limited particularly 
but, for example, such inorganic materials as glass ceramics, quartz, metallic materials 
5 such as aluminum and stainless steel, and resin materials such as polycarbonate, 
polymethyl methacrylate, silicone, polystyrene, polyimide etc. can be used. 

When light is applied to an article of this invention, the photocatalyst fihn is 
excited and such actions as antibacterial, deodorization, decomposition of organic 
articles, and hydrophilic operation are displayed. Thus, the articles of this invention are 
10 given properties whereby the surface is scarcely contaminated or contamination is 
easily removed and bacteria or viruses are rarely bred. 

The metal contained in the photocatalyst film of this invention as a main 
component coated on a substrate for improving the photocatalystic activity can be 
distributed uniformly in the direction of the thickness of the titanixmi oxide 
1 5 photocatalyst film or distributed in different amounts in the thickness direction. When 
distributing a different amount in the thickness direction, a greater amount shall be 
distributed to the side of the photocatalyst film close to the substrate or a greater amount 
may be distributed to the side of the photocatalyst film receiving the light opposite to 
the substrate side. 

20 To make the content of the above metal different in the direction of thickness of 

the photocatalyst film, a metal film or a metal oxide film or a titanium oxide fihn 
containing metal is formed on a substrate and a titanium oxide film is laminated thereon 
or a titanium oxide film is formed on a substrate and a laminated article is formed by 
laminating a titanium oxide fihn containing the above-mentioned metal or a metal oxide 

25 thereon, and implanting a metal into the titanium oxide film through the surface of this 
laminated article by the thermal diffusion method. The photocatalyst film thus obtained 
is able to accelerate the diffusion of impurities and film crystaUization simultaneously. 
With a metal as an additive in the direction of thickness of the film, it is possible to 
diffuse the carrier polarity by making the energy band structure asymmetrical while 

30 providing an inclined concentration. As a result, the film can be made to have a high 



catalyst activity preventing the recombination quenching in a film. This is particularly 

preferable when using the photocatalyst fihn for solar cell elements. 

A metal can be contained in a photocatalyst by thermal diffusion. One method 

is to heat a substrate when forming a laminated material on the substrate and another 
5 method is to post heat a laminated material formed on a substrate. Both of these 

methods can be used. In order to contain metal oxide in a photocatalyst film by thermal 

diffusion, the temperature of a substrate when coating on a laminated material is 

normally above ISO'^C and it is better to heat the substrate to 250°C or above. Further, 

to diffuse and contain a metal in a laminated material formed on a substrate by post- 
10 heating, it is normally more preferable to heat the substrate to ISO^'C or above. The 

upper limit of the heating temperature in both methods can be decided in a range so as 

not to damage the substrate. 

The thickness of a photocatalyst fihn comprising titanium oxide as a main 

component should be set at more than 20 nm in order to provide photocatalyst activity 
15 at a level considered practical. Also, a thickness of below 2000 nm is preferred from 

the economical viewpoint inasmuch as the photocatalyst activity does not increase even 

at a thickness greater than 2000 nm. 

This invention is to provide a Ti metal sputtering target or a Ti sub-oxide 

sputtering target containing at least one metal selected from the group of metals at 0.01 
20 to 10 wt % of the sum of such metals. These targets are useful for forming the metallic 

ion doped photocatalyst fihn and are capable of efficiently and stably supplying 

photocatalyst fihns having high photocatalyst activity. 

The above and other objects, features and advantages of the present invention 

will become more apparent fi-om the following description when taken in conjunction 
25 with the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a sectional view of preferred embodiments of an article coated with a 
photocatalyst film of this invention; 
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FIG. 2 is an essential part sectional view of a sputtering device using the 
photocatalyst film coating method of this invention. 

FIG. 3 is a schematic diagram showing a sputtering device using the 
photocatalyst film coating method of this invention (the DC planar method); 
5 FIG. 4 is a schematic diagram showing another sputtering device using the 

photocatalyst film coating method of this invention (the dissimilar metals simultaneous 
discharge method); 

FIG. 5 is a schematic diagram showing yet another sputtering device using the 
photocatalyst film coating method of this invention (the DM method); and 
10 FIG. 6 is a schematic diagram showing yet another sputtering device using the 

photocatalyst film coating method of this invention (the DC cylindrical method). 

Description of the Preferred Embodiments 

FIG. 1 is a sectional view of a photocatalyst film coated article as an 
15 embodiment of this invention. FIG. 1(a) shows an article 10 of this invention having a 
photocatalyst film 12 formed on a glass plate 11 as a substrate. FIG. 1(b) shows the 
article 10 of this invention having the glass plate 1 1 with a metal oxide film 13 and the 
photocatalyst film 12 laminated and coated thereon with a metal contained in the 
substrate side by thermal diffusion, wherein a diffusion layer 14 exists in the 
20 photocatalyst film 12. In FIG. 1(c), the photocatalyst fihn 12 and the metal oxide 13 are 
laminated in that order on the glass plate 1 1 as a substrate, the metal oxide is contained 
in the photocatalyst fihn surface by thermal diffusion, and the diffusion layer 14 is 
formed. . 

FIG. 2 is a sectional view of essential parts of a sputtering device for explaining 
25 a method for coating the photocatalyst film of this invention on a substrate 4. Argon 
gas or oxygen gas is introduced fi*om a gas induction tube 5 into a film forming device 
including a gas retaining plate 6 that forms the photocatalyst fihn on a substrate 4. At 
the same time, the inside of the film forming device is exhausted by a vacuum exhaust 
pump and regulated to an atmospheric space reduced to a fixed pressure. The pressure 
30 and gas composition of the atmosphere of this pressure reduced space is regulated by a 
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vacuum exhaust pump, an induced gas amount and a pressure regulating valve (not 
shown) so as to enable the sputtering. 

When negative voltage is applied to cathodes 1 A, IB from a power source 7, 
targets 2A and 2B are sputtered by such positive ions as argon in glow discharge 
5 plasma generated on the surfaces of the targets. Sine waves, pulse waves, and time 
asynunetrical waves can be used for applying voltage to the cathodes. Any wave 
capable of Fourier development is also suitable. If targets are not conductive, high 
frequency is applied. The reference zero potential of the applied voltage waveform is 
normally the same as the earth potential of a film forming device, ftirther, a DC bias 

10 having a polarity common to the two cathodes may be apphed at the same time. In this 
case, the earth potential of a film forming device and the reference zero potential of the 
above-mentioned waveform are normally floating and have no relation to each other. 

A negative voltage is applied to the cathodes 1 A and IB from the power source 
7. At this time, electrical charges accumulated on the surfaces of the targets are 

15 destaticized by reversing polarities of the respective cathodes altemately by an 

oscillator (a polarity converter) 8 so that the cathode IB becomes the positive pole when 
the cathode of the cathode 1 A is the negative pole while the cathode 1 A becomes the 
positive pole when the cathode IB is the negative pole. From a instantaneous point of 
view, the targets 2 A, 2B provided on the surfaces of the two cathodes are sputtered by 

20 the altemately reversing glow discharge 3 generated by applying a negative voltage to 
one cathode and a positive voltage to the other cathode. 

A reversing frequency for reversing polarity is preferred at 10 kHz or above. If 
less than 1 KHz, the charge eliminating action on the target surfaces drops, plus ion 
action to voltage oscillation is delayed and the charge eliminating action on the target 

25 surfaces is scarcely obtained and therefore, it is preferred to set the reversing frequency 
at 1 MHz or below. 

Waveforms of applied voltage are not especially limited if they are well- 
balanced applied voltage waveforms such as sine waves, square pulse waves, and time 
asymmetrical waves in which charges of surfaces of the two target materials are 

30 neutralized relative to the time base. 



When the cathode polarity is reversed by the above-mentioned preferable 
reversing frequency, the so-called cathode sputtering is carried out intermittently for 
each target microscopically. When the reversing period of polarity is selected in the 
preferable range described above, the targets 1 A and IB are sputtered at the same time 
5 when viewed in broad perspective and the photocatalyst film is coated on the substrate 
4. 

Electric charges accumulated on the two target surfaces are neutralized by 
reversed potential and reversed current, and two targets are sputtered while destaticized. 
Therefore, no thermal shock is caused during the dielectric breakdown in the 

10 photocatalyst fihn by the electric charges accumulated on the film surface. As a result, 
abnormal discharge (arcing, corona, etc.) resulting fi"om the thermal shock is suppressed 
or not longer caused. 

By the cleaning action to sputter the two target surfaces by glow discharge 
plasma, the photocatalyst fihn is coated on the targets while removing the fihn 

15 accumulated on the eroded surfaces of the targets. Therefore, the accumulation of 

electrical insulating film on the eroded surfaces of the two targets is suppressed, the so- 
called anode electrode vanishing phenomenon observed when coating a metal oxide 
film using a ordinary single target is not incurred and the glow discharge plasma does 
not stop during the photocatalyst film coating. Thus, even when a metal is used as a 

20 target, a reactive gas such as oxygen for the sputtering gas or the substrate is heated, and 
it is possible to coat a fine photocatalyst film of metal oxide stably on the substrate. 

When a target is of a planar (a rectangular parallepiped) type, a backing plate 
that is normally composed of copper as a main component, a cooling mechanism for 
cooling the [pjbacking plate and a reinforced magnet for constructing a magnetron are 

25 provided on the back of each target in one integral body with the target or separately. 
Further, in order to increase close adhesion on the surfaces of a target material and a 
[p]backing plate, it is better to plate a nomially copper made backing plate surface with 
nickel or indium. 

Further, when a cylindrical shape target is used, it is possible to use such a well 
30 known method whereby a cylindrical target material is prepared on the surface of a 

13 



cylindrical [pjbacking cylinder, magnetron magnets are arranged linearly on the inner 
tangent line in the longitudinal direction, and this cylinder is rotated together with a 
target without moving the magnet. As a result, the whole surface of the target can be 
provided as an erosion area and the target use efficiency can be improved, hi addition, 
5 the cooling effect of the target surface resulting from the shift caused by the erosion can 
be improved. 

The results when the photocatalyst film of this invention is coated on a glass 
plate will be shown below in detail by comparing the embodiments with comparison 
examples. 
1 0 (Film Co [sjating Conditions) 

. Distance Ls between a substrate and a target: 100 mm 
. Distance Lc between two targets: 30 mm 

The distance between two targets is preferred as close as possible to a distance 
between a substrate and a target or less for uniform doping. 
1 5 . Sputtering method: Largely divided into the following two methods: 

1) A DC sputtering using a DC power source (expressed as DC in Tables 1 ~ 3: see 
FIGs. 3, 4 and 6; one DC power source is connected to each of the two targets in 
Fig. 4) 

2) An applied voltage alternate reverse sputtering using an intemal frequency power 
20 source (expressed as the DM method in Table 1 - 3: A power source capable of 

applying a sine wave with a reversing frequency set at 40 kHz by the oscillator in 
FIG. 2 is used.). 
. Sputtering power: Regulated in the range of voltage 400 
- 600V, charging electric power 2 20 kW. 
25 . Sputtering gas: When coating a metal oxide film on a metal oxide used as a target, gas 
containing I'-'IS vol. % oxygen in argon is used; and when coating a metal oxide film 
on a metal used as a target, argon gas containing lO'-SO vol. % oxygen is used. 
. Sputtering pressure: 0.5 Pa 

. Substrate temperature at fihn coating: As shown in Tables 1--3. "Room Temp." 
30 shown in Tables 1-3 indicates that the substrate was not heated. 



. Heat treatment after film forming: As shown in Tables I'-S. The heat treatment was 
carried out xmder atmospheric conditions. 

. Target composition: Shown in metal base wt %: (photocatalyst activity improving 
metal/(photocatalyst activity improving metal + titanium metal) x 100. In Tables KS, 
5 shown in the form "Ti-aM". This denotes a Ti main component target containing a wt 
% M Metal. However, in the case of a sub-oxide target, a value converted to a metal 
base. 

. Sputtering rate (M/Ti): Ratios of sputtering rates of added metal to those of Ti when 
sputtered in Ar at 500V are shown in Tables 1-2. Values of sputtering rates are 
10 shown in, for example, "Metal Data Book", Revised 3 Edition. Page 389, Maruzen 
(1993) and "Basis of Thin Fibn Preparation", First Edition, Pages 126 130, Nikkan 
Kogyo Shimbunsha (1983). 

(Photocatalyst Film) 

. Adding metal ratio: The amount of metal contained in the film is expressed in the 
1 5 metal base. Values of added metals/(added metal + Ti) are shown in Tables 1-3. 
. Film thickness: Using a transmission electron microscope, film thickness was 
measured by observing the fi^actured surfaces. 

(Evaluation of Photocatalyst Film Activity) 

Triolein (glycerol triolate, Ci7H33COOCH(CH20COCi7H33)2) was coated on a 100 mm 
20 square sample surface to 0.1 mg/cm^, ultraviolet rays were applied successively at a 
strength 3mW/cm^ using an UV lamp, and rates of triolein that is decomposed with 
lapse of time were measured. Using glass plates without the photocatalyst film formed 
as reference samples, changes in triolein weight on the photocatalyst film caused by 
ultraviolet rays applied were measured 3 times; after 48 hours, 60 hours and 90 hours, 
25 and the photocatalyst activity was classified into the following four ranks by times 
required for the complete decomposition of triolein. 

Almost 100% of triolein is decomposed within 48 hours: © 
Almost 100% of triolein is decomposed within 60 hours: O 

Almost 100% of triolein is decomposed within 90 hours: A 

15 



After 90 hours, triolein still remains: X 
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Embodiment 1 

A metal target 2 comprising Ti as a main component containing 0.2 wt % Fe 
metal in a sputtering device connected to ground 16 shown in FIG. 3 (the sputtering rate 
5 of Fe and Ti was 2.16). After the fikn forming device was once exhausted to the 
vacuum state at 1.3 x lO'^Pa, mixed gas of argon and oxygen (70% vol. % argon, 30 
vol. % oxygen) was introduced and the pressure in the film forming device was 
maintained at 0.4Pa. Thereafter, the target 2 was sputtered by providing a cathode with 
the power fi"om a DC power source 15 and a 100mm square size glass plate substrate 4 

10 composed of soda lime silica was passed in fi-ont of the target, so that a 250 nm thick 
photocatalyst film was formed on the glass plate substrate 4 . The film coating 
conditions and the photocatalyst activity evaluation results are shown in Table 1. When 
this glass plate substrate 4 was taken out of the film forming device and the 
photocatalyst activity of the photocatalyst fibn of the obtained article was evaluated, 

15 almost 100% of triolein was decomposed after 48 hours. As this article has a larger 
photocatalyst activity than the article obtained in the comparison example shown on 
Table 3, the improvement of the photocatalyst activity of the titanium oxide film formed 
by a method to mix metallic element Fe in a sputtering target was recognized. 
Embodiment 2 

20 Under the same conditions as those in Embodiment 1 excepting that a titanium 

metal target containing Fe in the added amount of 1 wt % on the metal base was used, a 
250 nm thick photocatalyst fihn was coated on a glass plate. The coating conditions 
and the evaluation of the photocatalyst activity are shown on Table 1 . The 
photocatalyst film of the obtained article has a larger photocatalyst activity than that of 

25 the article obtained in the comparison example shown in Table 3 described later and the 
effect of this invention was recognized. 
Embodiment 3 

Under the same conditions as those in Embodiment 1 excepting that a titanium 
target with 0.5 wt % V added (a ratio of the sputtering rates of V and Ti was 1 .27) was 
30 used, a 250 nm thick photocatalyst film was formed on a glass plate. The coating 



conditions and the evaluation of photocatalyst activity are shown in Table 1 . The 
photocatalyst fihn of the obtained article has a larger photocatalyst activity than that of 
the article obtained in the comparison example shown in Table 3 described later and the 
effect of this invention was recognized. 
5 Embodiment 4 

Using a sputtering device connected to ground 16 having two rotational 
cylindrical targets 18 and 19 as shown in FIG. 4, a Mo doped titanium oxide fihn (50 
nm thick) was formed on a glass substrate 4 by simultaneously discharging dissimilar 
targets of Ti and Mo (the ratio of Mo and Ti sputtering rates was 1.57). The doping 

10 amount of Mo added to the titanium oxide film was regulated by applying electric 
power from a DC sputter power source 15 to each target, separately. The coating 
conditions and the evaluation of the photocatalyst activity are shown in Table 1 . The 
obtained article has a photocatalyst activity greater than that of the article obtained in 
the comparison example shown in Table 3 described later and the effect of this 

1 5 invention was recognized. 
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[Table 1] 



Item 


Embodiment 


Embodiment 


Embodiment 


Embodiment 




1 


2 


3 


4 


[Coating ConditionsJ 










Target composition 


Ti-0.2Fe 


Ti-lFe 


Ti-O.SV 


Ti,Mo 


Sputtenng ratio (M/ 1 1) 


2.16 


2.16 


1.27 


1.57 


Kind of target 


Metal 


Metal 


Metal 


Metal 


Sputtering method 


DC 


DC 


DC 


Dissimilar metals 
same time 
discharging 


Cathode shape 


Planar 


Planar 


Planar 


Cylindncal 


Sputtering Gas 


Ar:02 


Ar:02 


A 

Ar:02 


Ar:02 


[Volume rate] 


[=70:30] 


[=70:30] 


[=70:30] 


[=70:30] 


Substrate temperature 


Room temp. 


Room temp. 


Room temp. 


Room temp. 


( C) 










Heat treatment after 


None 


None 


None 


None 


mm lorming 










[Photocatalyst film] 










Film composition 


Ti02:Fe 


Ti02:Fe 


Ti02:V 


Ti02:Mo 


Added metal weight 


0.2 


1.0 


0.5 


3.0 


ratio 










Film thickness (nm) 


250 


250 


250 


250 


Photocatalyst activity 




O 




O 


evaluation 







5 Embodiment 5 

Under the same conditions as those in Embodiment 1 except that a titanium 
metal target with 2 wt % of Nb added (the sputtering ratio of Nb and Ti was 1.18) was 
used, the photocatalyst film was formed on a glass plate and thereafter, heat treated for 
one hour at 300^C in the atmosphere, and a 300 nm thick photocatalyst film was 
10 obtained. The coating conditions and the evaluation of the photocatalyst activity are 
shown in Table 2. The photocatalyst fihn has a photocatalyst activity greater than that 
of the article obtained in the comparison example shown in Table 3 described later and 
the effect of this invention was recognized. 



19 



Embodiment 6 

A titanium oxide film doped with two kinds of metals: Fe and V doped was 
fomied on a glass substrate 4 by the DM method (the dual magnetron method), [using a] 
A sputtering device connected to ground 16, having a power source 17 and two 
5 rotational targets 18 as shovm in FIG. 5 was used. [(t]The ratio of the sputtering rates 
of Fe and Ti was 1 .27[)]. The coating conditions and the evaluation of the photocatalyst 
activity are shown in Table 2. The photocatalyst fihn of the obtained article has a 
photocatalyst activity greater than the article obtained in the comparison example 
shown in Table 3 and the effect of this invention was recognized. 

10 Embodiment? 

Using a Ti target with 3 kinds of metals added: Fe, V and Mo shown in Table 2 
as a Ti target, a titanium oxide film doped with the above-mentioned 3 kinds of metals 
was formed on a glass substrate 4 (the ratio of the sputtering rates of Fe and Ti was 
2.16, that of V and Ti was 1.27 and that of Mo and Ti was 1.57) in the same manner as 

1 5 in Embodiment 6 excepting that a gas containing equal volumes of Ar and O2 was used 
as the sputtering gas. The coating conditions and the evaluation of the photocatalyst 
activity are shown in Table 2. The photocatalyst film of the obtained article has a 
photocatalyst activity greater than that of the article obtained in the comparison example 
shown in Table 3 described later and the effect of this invention was recognized. 

20 Embodiment 8 

Using a titanium sub-oxide target with 3 kinds of metals added: Fe, V and Mo 
shown in Table 2, the titanium oxide film doped with these 3 kinds of metals was 
formed on a glass substrate 4 heated to 250°C in the Ar gas (Ar: O2 = 90:10) containing 
a small amount of 02[,] . [using t]The sputtering device connected to ground 16 

25 including a DC power supply 15 and a rotating cylindrical target 18 shown in FIG. 6 
was used. [(t]The ratio of the sputtering rates of Fe and Ti was 2.16 and that of Mo and 
Ti was 1.57[)]. The coating conditions and the evaluation of the photocatalyst activity 
are shown in Table 2. The photocatalyst film of the obtained article has a photocatalyst 
activity greater than those of the article obtained in the comparison example shown in 

30 Table 3 described later and the effect of this invention was recognized. 
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[Table 2] 



Item 


Embodiment 


Embodiment 


Embodiment 


Embodiment 




5 


6 


7 


8 


[Coating Conditions] 










Target composition 


Ti-2Nb 


Ti-0.5Fe-0.5 


Ti-0.5Fe-IV- 


Ti-0.5Fe-lV- 






V 


0.5MO 


0.5MO 


Sputtering ratio 


1.18 




2.16,1.27,1.57 


2.16,1.27,1.57 


(M/Ti) 




2,16, 1.27 






Kind of Target 


Metal 


Metal 


Metal 


TiOx Sub-Oxide 
DC 


Sputtering Method 


DC 




DM Method 


Cylindrical 


Cathode shape 


Planar 


DM Method 


Cyhndrical 


Ar:02 


Sputtering Gas 


Ar:02 


Cylindrical 


Ar:02 


[=90:10] 


[Volume rate] 


[=70:30] 


Ar:02 


[=50:50] 


250 


Substrate 


Room temp. 


[=60:40] 


Room temp. 




Temperature (**C) 




Room temp. 




None 


Heat treatment after 


300^C, Ih 




None 




Fihn Forming 




250°C, Ih 






[Photocatalyst Fihn] 










Film composition 


Ti02:Nb 


Ti02:Fe,V 


Ti02:Fe,V,Mo 


Ti02:Fe,V,Mo 


Added Metal Wt. 


2.02 


Fe0.5,V0.5 


Fe0.5,VlJV[o 


Fe0.5,Vl,Mo 


Ratio 






0.5 


0.5 


Film Thickness (nm) 


300 


250 


250 


250 


Photocatalyst 


o 


© 


© 


o 


Activity Evaluation 







Comparison Examples 1 and 2 
5 Articles having a photocatalyst fihn comprising titanium oxide containing no 

metal were coated on glass substrates. The coating conditions and the evaluation results 
of the obtained photocatalyst film are shown in Table 3. The photocatalyst activity of 
the obtained articles was lower than that of the articles in the embodiments. 
Comparison Examples 3 and 4 
10 Photocatalyst film s doped with metals of which the sputtering rates of added 

metals and Ti were outside the scope of claims of this invention were produced. A 
titanium oxide fihn doped with Pt of which the ratio of the sputtering rate to Ti is 2.75 
was produced in Comparison Example 3 and a titanium oxide film doped with Pd of 
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which the ratio of the sputtering rate was 4.08 was produced in Comparison Example 4 
using the same method as in Embodiment 1. The coasting conditions of the fihn and 
the evaluation results of the obtained photocatalyst films are shown in Table 3. The 
photocatalyst activity of the obtained articles was lower than that of the articles in the 
embodiments and the effect of this invention is clear. 

From the embodiments and the comparison examples shown above, it is clear 
that the photocatalyst film described in the embodiments of this invention has a more 
improved photocatalyst activity than a photocatalyst fihn that is composed of titanium 
oxide only or a photocatalyst fihn having a ratio of the sputtering rates of metal and Ti 
outside the range of the claims of this invention. Further, it can be seen that when 
coating a photocatalyst film on a substrate by the sputtering method using a set of two 
cathodes, voltage is applied to these two cathodes so as to reverse the polarity of the 
cathodes alternately. It is also clear that when a Ti metal target or a Ti sub-oxide target 
with a specified metal of this invention added is used, it is possible to supply a fihn 
doped with a specified metal ion, having a high photocatalyst activity, efficiently and 
stably. 
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[Table 3] 



Item 


Comparison 


Companson 


Companson 


Comparison 




Example 1 


Example 2 


Example 3 


Example 4 


[Coating Conditions] 










Target Compositions 


Ti 


Ti 


Ti-2,8Pt 


Ti-4Pd 


Ratio of Sputtering 


... 


... 


2.75 


4.08 


Rates (M/Ti) 










Kind of Target 


Metal 


TiOx 


Metal 


Metal 






sub-oxide 






Sputtenng Method 


DC 


DC 


DC 


DC 


Cathode shape 


Planar 


Cylindrical 


Planar 


Cylindrical 


Sputtering Gas 


Ar:02 


Ar:02 


Ar:02 


Ar:02 


[Volume rate] 


[=70:30] 


[=90:10] 


[=70:30] 


[=70:30] 


Substrate 


Room temp. 


250 


Room temp. 


Room temp. 


Temperature (^C) 










Heat treatment after 


None 


None 


None 


None 


Film Forming 










[Photocatalyst Film] 










Film Composition 


Ti02 


Ti02 


Ti02:Pt 


Ti02:Pd 


Added Metal Wt 


0 


0.0 


2.8 


4.0 


Rate 










Film Thickness (nm) 


250 


250 


250 


250 


Photocatalyst 


A 


X 


A 


X 


Activity Evaluation 











A photocatalyst fihn comprising titanium oxide as a main component of an 
article of this invention contains specified metals in a specified amoimt, which increase 
the photocatalyst activity. 

A photocatalyst coating film of this invention is formed on a substrate by a 
10 sputtering method using a Ti metal target or a Ti sub-oxide target containing at least one 
metal having a sputtering rate for Ar of 0.9 to 2.7 times that of Ti. Ar has at least a kind 
of energy in a 30 to SOOOeV ion energy area. Therefore, non-uniformity and 
segregation of doping metals can be prevented and thereby, a drop in the photocatalyst 
activity can be suppressed. Also, this photocatalyst fihn is applicable to a substrate 
1 5 comprising material having a relatively small heat resistance. 
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When a Ti metal target or a Ti sub-oxide target with a specified metal of this 
invention added is used, it is possible to supply a photocatalyst film doped with a 
specified metal ion, having a high photocatalyst activity efficiently and stably. 

hi addition, by a method for coating a photocatalyst film on articles of this 
5 invention, a photocatalyst film having a large photocatalyst activity can be coated at a 
high coating speed. 
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